ecognition of how environmental changes can affect health and survival has been limited, even though over many millennia, disease and longevity profiles in populations have reflected changes in environmental conditions. There is much controversy regarding what exactly are longevity-associated factors, including environmental and genetic factors. Recently, Roth et al reported that men with higher dehydroepinadrosterone-sulfate (DHEA-S) levels had greater survival rates than their counterparts in a Baltimore longitudinal study lasting for 25 years. 1 Moreover, according to the results of clinical and epidemiological randomized control studies life-style-related diseases, such as diabetes mellitus, 2,3 hypertension 4 and hyperlipidemia, 5 may influence fatal cardiovascular and cerebrovascular accidents. Such results suggest that multiple risk factors decrease lifespan, but there has not been a definitive report regarding the association of risk factors with longevity. Therefore, we examined the statistical and epidemiological differences in risk factors, such as blood pressure (BP), lipid levels, glucose tolerance and exercise capacity, between longevity and non-longevity districts in Japan by cross-sectional analysis.
cross the main road to reach the sea, so fish may be an important part of their diet. The Miyama district is not located near the sea, but a definitive investigation of possible dietary influences was not performed. We received permission from subjects older than 20 years in both populations and they underwent a medical examination conducted for such life-style-related diseases as diabetes mellitus, hypertension and dyslipidemia, as well as a physical activity test, in advance in order to research differences in the life-stylerelated factors in the 2 districts. The study was conducted in compliance with the Declaration of Helsinki and applicable national laws and regulations. The study was approved by the Gifu University Graduate School review board or ethics committee. Written informed consent was given by all subjects before enrollment, and participants were permitted to withdraw from the study at any time.
The high-molecular-weight adiponectin level was measured as the adiponectin level by specific enzyme immunoassay (Fuji Lebio Kit, Tokyo, Japan), 6 in which globular adiponectin is not detected. The DHEA-S concentration was measured by radioimmunoassay. 7 Biochemical data were transferred to the logarithmic values if appropriate for normal distribution.
Life Activity
Smoking, drinking and life-activity score were evaluated by questionnaire. In particular, the life-activity score was classified into 5 degrees modified from the Nutrition Committee of the Ministry of Health and Welfare of Japan as follows: (1) 1 h slow walking or shopping, and sitting or lying down daily; (2) 2 h walking for commuting, housekeeping or working, and mostly sitting daily; (3) 1 h cycling, swimming or agricultural working, and mostly sitting daily; (4) 1 h heavy training or agricultural working, mostly standing daily. Health-related QOL was surveyed by a selfadministered questionnaire (SF-36 Japanese version 2 measuring QOL). 8, 9 Basic functional mobility in aged persons was evaluated by the timed "up and go test". 10 The basic functional mobility in aged Japanese people during a 3-m timed up and go test (8.6±1.4 s, age: 72.6±5.0 years) was demonstrated by Hashidate et al. 11 
Glucose Tolerance Test
Glucose tolerance was diagnosed according to the 1985 World Health Organization guideline. 12 The 75-g oral glucose tolerance test was performed in 202 Japanese adults.
Statistical Analysis
The data are presented as means ± standard error unless otherwise stated, and statistical significance was determined using SAS version 8.2 (SAS Institute, Cary, NC, USA) for correcting confounded factors. Pearson or Spearman rank order correlations were used where appropriate. Relationships between parameters were tested using multivariate linear regression models to investigate independent relationships. Differences between the 2 districts were compared by analysis of covariance (ANCOVA) corrected for covariates such as age, sex, body mass index (BMI), %body fat, smoking, drinking and BP. 
Results
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A comparison of various factors is also shown in Table 1 . Except for age, gender, height, weight, body fat composition, BMI, pulse rate, and bone density were not significantly different between Kokufu and Miyama. However, both systolic and diastolic BPs in Miyama were higher than in Kokufu (p<0.003 and p<0.005, respectively). We also analyzed gender-specific results (data not shown). Systolic BP in males and both systolic and diastolic BPs in females in Miyama were higher than the values from Kokufu (p< 0.034, p<0.0022 and p<0.0145, respectively). Body fat (%) in males in Kokufu was higher than in males from Miyama (p<0.0438). As shown in Table 2 , there were no significant differences in the biochemical data. There were also no significant differences between Kokufu and Miyama in the low-density lipoprotein-cholesterol, high-density lipoprotein-cholesterol (HDL-C) and TG levels; however, the serum iron concentration in Kokufu was higher than in Miyama (p<0.023) ( Table 3) . Gender-specific analysis showed that the serum iron concentration in females in Kokufu was higher than in those in Miyama (p<0.0388) (data not shown). On the other hand, regarding the glucose tolerance data, there were unexpectedly no significant differences in the FPG, FIRI, HbA1c and DHEA-S levels. However, the serum adiponectin level in Kokufu was significantly higher than in Miyama (p<0.0437) (Table 4) , although overall there were no significant differences in the gender-specific glucose tolerance data (data not shown). The life-activity score obtained by questionnaire in Kokufu was significantly higher than in Miyama (p<0.003), but the number of steps and energy use did not differ between Kokufu and Miyama (Table 5) . Moreover, we used a simple exercise test to obtain precise data and the results of the "timed up and go test" indicated that subjects in Kokufu were more physically active than in Miyama (p<0.0001; Table 5 ). However, physical activity as evaluated by the SF-36 questionnaire showed no difference between the 2 districts. Other scores, such as the daily life (body and mental), health sense, vitality, social life activity and mental health scores, on the SF-36 questionnaire showed no difference between the 2 districts, except for the pain score (p<0.041) ( Table 5 ). Female-specific data (data not shown) were the same (Table 5) ; namely, life activity score, timed up and go test, and pain scores in Kokufu female subjects were significantly different from the Miyama data (p<0.0312, p<0.0018 and p<0.0474, respectively). Male-specific data from Kokufu showed that the results of the timed up and go test were significantly superior compared with Miyama (p<0.0049) (data not shown). Although physical activityassociated factors based on the SF-36 questionnaire are limited, because of possible reporting bias, the results suggest that BP and plasma adiponectin levels are significantly different between the 2 districts, and that physical activity in the longevity district, Kokufu, is markedly higher than in the non-longevity district, Miyama. Moreover, we examined the correlation coefficient of adiponectin with the DHEA-S level to clarify which of these longevity factors predominated, but as shown in Table 6 , there was no correlation between them. Adiponectin was negatively correlated with TG, insulin resistance index (IRI) and HOMA-R, whereas DHEA-S was negatively correlated with TG and positively correlated with FPG (Table 6 ). We also analyzed gender-specific results (data not shown). The adiponectin level in males was only negatively correlated with IRI and HOMA-R levels (p<0.0195 and p<0.0189, respectively), but not in females, unexpectedly. The DHEA-S level in males did not correlate with any factor. Female-specific data was almost the same as shown in Table 6 (correlation of adiponectin with HDL-C and TG levels (p<0.0009 and p<0.0394, respectively) and correlation of DHEA-S with TG and FPG levels (p<0.0012 and p<0.0352 respectively)), except for no correlation of adiponectin with IRI or HOMA-R (data not shown).
Discussion
Kokufu is a mountainous rural district located in the center of Japan, with a population of approximately 8,000 and its aging rate (>70 years old) is 22.1%. The mean lifespan of the men is the second highest in Japan at 80.4 years. Miyama is also a mountainous rural district, located in the center of Japan, with a population of 9,000 and an aging rate is 25.9% (mean lifespan of the men is 77.2 years). To clarify the differences in life style-related factors we examined those factors in these 2 districts, a longevity district and a non-longevity district, respectively, and we identified 3 major longevity-associated factors. The first is BP. As shown in Table 2 , systolic and diastolic BPs in Kokufu were significantly lower than in Miyama. This result is reasonable and expected. Hypertension increases the risk of cardiovascular and cerebrovascular accidents 4 and lowering BP prevents stroke. 13 However, no reports of lower BP in a longevity district have been found.
The second major longevity factor is physical activity, which we measured by a "timed up and go test" and assigned a life-activity score by the SF-36 questionnaire. However, regarding physical activity as evaluated by questionnaire, there were no differences between the 2 districts for each item, although the pain score in Kokufu was lower than in Miyama indicating that people in Kokufu have a higher incidence of pain complaints. This factor might be associated with greater life activity and physical activity.
The third major longevity factor is the plasma adiponectin level, which has been researched extensively, [14] [15] [16] with the accumulating evidence indicating that adiponectin may play a crucial role in the regulation of insulin sensitivity and glucose and lipid metabolism, and that reduced plasma adiponectin levels caused by genetic and environmental factors may lead to the development of insulin resistance, 17 coronary artery disease, 18 type 2 diabetes and metabolic syndrome. 19 Moreover, the high-molecular-weight isoforms of adiponectin bind more tightly to its receptors and stimulate AMP-activated protein kinase, a key molecule mediating the metabolic actions of adiponectin. 20 However, there are no previous reports regarding the association of longevity with plasma adiponectin level. On the other hand, adiponectin level was not associated with DHEA-S level ( Table 4) . As expected, the adiponectin level was tightly associated with glucose tolerance, HDL-C and triglyceride levels, which ahs been reported previously. 21 The DHEA-S level was negatively correlated with triglycerides. DHEA is the major adrenal androgen of young adults, 22 but the plasma concentration in 60-year-old men shows a gradual decrease when compared with men aged 25-30 years. This decrease occurs as the incidence of atherosclerosis, 23 obesity, 24 and diabetes 25 increases, suggesting that the administration of DHEA may protect against the development of these disorders. We have reported that in-vitro DHEA treatment increased glucose uptake and activation of PI 3-kinase in rat adipocytes 26 and Roth et al have reported that men with higher DHEA-S levels had greater survival rates than their counterparts in a Baltimore longitudinal study conducted for 25 years. 1 Unfortunately we could not prove a higher level of DHEA-S in the longevity district compared with the non-longevity district, probably because of the age-dependent changes in the DHEA-S level. We have already suggested that the DHEA-S concentration might be associated with age and that aged people in longevity districts maintain a higher concentration of DHEA-S. 27 The DHEA-S level might depend on species. Rats and mice do not have DHEA because of a defective metabolite enzyme in the adrenal cortex. Roth et al indicated that diet-restricted monkeys exhibited longer lifespan and higher concentration of DHEA-S, and in their Baltimore longitudinal study men with a higher concentration of DHEA-S had greater survival rates. 1 However, it is very difficult to show the exact longevity factors and our present data failed to indicate a tight correlation between longevity and these factors. Moreover, it has been reported that estrogen, insulin and dietary signals cooperatively regulate longevity signals in mice. 27 In conclusion, we defined factors related to lifespan using a cross-sectional study; namely, a comparison of biochemical data and physical activity evaluated by short exercises and a questionnaire in a longevity and non-longevity district. In reality, this study was limited because of its cross-sectional design and the influence of age-related alterations in metabolic and physical conditions. Based on our approach, we suggest that there are 3 common factors in a longevity district and that these may affect life-style-related physical conditions such as diabetes, hyperlipidemia and hypertension. Finally, further epidemiological and longitudinal studies relating to environmental longevity factors are required to continue to pinpoint the exact factors that promote a longer, healthier, and more satisfying lifestyle. Although these cross-sectional one-off measurements are of limited duration, we highly recommend these life style-related factors be included in the next longitudinal study.
